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Abstract

Nitrous oxide (N2O), also known as laughing gas, was earlier considered
relatively harmless and was hence neglected by scientists, engineers and politicians.
However, since the last 10 years, a growing concern has been noticed about N2O as it is
found to be harmful to our environment, contributing to the greenhouse effect and ozone
layer depletion. The atmospheric concentration of N2O remained relatively constant for
many centuries. But during the last decade, it has increased noticeably and reached a
level of 310 ppbv today, which means a 9% increase from pre-industrial levels (285
ppbv) with an annual growth rate of 0.2–0.3% [1–4]. This increase in N2O concentration
is due to several reasons like anthropogenic practices, especially during the second part of
the 20th century (Fig. 1).
N2O is a major component of nitrogen oxides in the stratosphere, and has become
an important natural regulator of ozone layer [5–7]. However, the overall influence of
N2O on the ozone layer is complex and very different from that of the other substances
(chlorofluorocarbons (CFCs), halons, carbon tetrachloride, and methyl chloroform)
covered by the Montreal protocol [8]. Initially, a great deal of uncertainty existed
regarding the chemical reactions involving N2O. At this time, there are no doubts on the
negative effect of N2O on the ozone layer, but there is no consensus in quantitative terms
on its ozone-depleting potential [9].
N2O also contributes to the greenhouse effect, a phenomenon caused by strong
absorbance of infrared radiation in the atmosphere [10, 11]. Although N2O is not the
major contributor to global warming (~6%) [9], it is much more potent than either of the
other two most common anthropogenic greenhouse gases namely CO2 and CH4. Due to
its long life time of approximately 150 years in the atmosphere, N2O has more Global
Warming Potential (GWP) than CO2 (310 times) and CH4 (21 times), [12,13]. This means
that even a relatively limited emission (compared to other greenhouse gases) is equivalent
to about 10% of the CO2.
Strategies for addressing climate change have principally been focused on
reducing emission of the main greenhouse gas, carbon dioxide. But the importance of
other greenhouse gases and the opportunities for their abatement have been more and
more recognized during the last ten years. This culminated into technolizing an
agreement at the Third Conference of the Parties (COP-3) to the United Nations
Framework on Climate Change (UNFCC) in Kyoto (Japan) in December 1997 to set
legal binding targets for reducing emissions of N2O along with the other five greenhouse
gases (CO2, CH4, HFC, PFC, SF6) to be realized in the period 2008–2012 [14]. As a
result, the EU agreed to reduce CO2, CH4, and N2O emissions by 8% of 1990 levels by
2010. The emission targets for the other industrialized nations are: 6% for Japan and
Canada and 7% for United States [15]. Unfortunately, not all the parties have ratified
these targets as yet [16]. N2O emissions account for 10% of the total greenhouse gas
emissions in the EU (Fig. 2), so its reduction plays an important role in reaching the
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Alkali promotion of the catalysts increases the N2O decomposition activity. The
presence of small amount of alkali is effective in stabilizing the lower oxidation state of
the bulk transition metal oxide. Alkali metal helps in the electronic promotion of the bulk
transition metal oxide. It can be stated that the alkali promoter reduces the transition
metal (M-O) bond strength, which in turn helps easy desorption of oxygen formed during
the decomposition, due to stabilization of transition metal in lower oxidation state.
The Cs-doped Co3O4 catalyst shows high activity for the decomposition of N2O and
the activity is maintained for at least for 12 h. The activity of the Cs-doped Co3O4 catalyst
strongly depends on the amount of Cs in the catalyst, indicating that the interaction
between Cs and Co3O4 plays an important role on the catalyst activity. The XPS, TPR
and TPD measurements reveal that desorption of oxygen is promoted by the addition of
Cs to the Co3O4 catalyst. Among all these catalysts, Cs/Co=0.05 catalyst exhibits the best
catalytic activity even in the presence of 4 vol. % O2, 2 vol. % H2O. The activity order of
alkali doped Co3O4 catalysts can be summarized as Cs/Co > K/Co > Na/Co. It is clearly
demonstrated that the activity increases with a decrease in the ionization potential of
alkali metal added.
The catalytic activity for N2O decomposition on Co3O4, NiO, CuO, Fe2O3 and mixed
oxide significantly depends on the precipitation agent used. Only Co3O4 prepared by
using Na2CO3 effectively catalyzed the N2O decomposition reaction. This suggests that
residual Na is responsible for the activity of N2O decomposition.
The addition of small amount of alkali metal (Na, K, and Cs) to Co3O4, NiO, CuO,
Fe2O3 and mixed oxide causes an increase in the surface area. The catalytic activity
The bulk transition metal oxide catalyst always shows a decrease in activity with
time, whereas the Cs promoted transition metal oxide catalyst exhibits stable activity with
time. It indicates that the alkali (especially Cs) promotion enhances not only the N2O
decomposition activity but also the stability during the reaction. Among all these
catalysts Cs/Co=0.05 catalyst shows the best catalytic activity for N2O decomposition.
The catalyst is invariably exposed to oxygen and steam under practical operating
conditions. Therefore, an attempt has been made to examine the effects of oxygen and
steam in the feed on N2O decomposition over the bulk transition metal oxide and Cs
promoted transition metal oxide catalysts. Bulk transition metal oxide catalysts show
complete decomposition at lower temperature when N2O alone is present in the feed
stream. In the presence of O2 or H2O the activity curve is shifted to higher temperatures,
the difference being larger when H2O is present. These shifts suggest the inhibition effect
of steam and oxygen on N2O decomposition. In the case of Cs promoted catalysts, the
presence of O2 has not made any significant difference in N2O decomposition indicating
that O2 does not compete with N2O for the active sites. Generally, the oxygen atoms
formed during the decomposition of N2O accumulate on the catalyst surface and lead to
decrease in activity. In the present case such a decrease is not noticed for Cs promoted
catalyst. The TPD of N2O obtained on the same catalyst also suggests early and easy
desorption of oxygen from the surface. The Cs species in the catalyst seems to play an
important role in promoting this reduction step. A shift in N2O decomposition curve in
the presence of H2O to higher temperature suggests that water is preferentially adsorbed
on active sites leading to inhibition of decomposition. This effect is pronounced at lower
temperatures.



Highlights of the Thesis:
 Systematic study the catalytic N2O decomposition over non-noble metal oxide
catalysts.
 Optimization of alkali metal content to identify the structure-activity relation for N2O
decomposition reaction.
 Synthesis of a more stable, active and economic transition metal catalyst with lowest
possible alkali metal content.
 Identification of the best alkali doped transition metal oxide catalyst.
 Identification the most active and stable catalyst in presence of oxygen and water for
N2O decomposition reaction

